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THE DEVELOPMENT of acute myelogenous leu-
kemia (AML) in patients with independent hema-
topoietic disorders has been well documented and
recently reviewed.' In more than 70 reported
cases, multiple myeloma has developed in patients
with AML.2 In most of these cases, the leukemia
was preceded by chemotherapy with alkylating
agents. AML has also been described in six pa-
tients with Waldenstrom macroglobulinemia,6-" a
disease similar to multiple myeloma. Before AML
developed, five of these patients received chemo-
therapy for the gammopathy.
The acute leukemia complicating multiple mye-

loma or Waldenstr6m macroglobulinemia has
generally been refractory to treatment. In our re-
view of the literature, 36 of 74 multiple myeloma
patients with AML received antileukemic chemo-
therapy, with achievement of complete remission
in only one patient.'2 Of the six patients with
AML complicating Waldenstrbm macroglobuline-
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mia, three died without antileukemic treatment6 8 9
and three underwent induction therapy with fail-
ure to achieve complete remission.7"0"'

In this report we describe attainment of com-
plete remission from AML in a patient with Wal-
denstrom macroglobulinemia.

Report of a Case
A 42-year-old asymptomatic white man had

blood which was found to be difficult to cross-
match for blood donation in 1963. Laboratory
values included a hematocrit of 37 percent and a
leukocyte count of 5,600 per cu mm. Rare atypi-
cal lymphocytes with plasmacytoid characteris-
tics were noted in the peripheral smear. Serum
protein electrophoresis showed a sharp M-com-
ponent spike of 2.8 grams per dl. Utracentrifuga-
tion showed a pronounced increase in 19S macro-
globulins. Bone marrow examination showed a
normal myeloid-erythroid ratio, normal myelo-
poiesis, and a pleomorphic increase in plasmacy-
toid lymphocytes. Results of additional studies
included negative findings on Coombs, latex fixa-
tioin and cold agglutinin tests. On physical exami-
nation n1o adenopathy, abdominal organomegaly
or other abnormalities were noted. A radiograph
of the chest and skeletal survey showed no ab-
normalities. Waldenstrbm macroglobulinemia was
diagnosed and the case was followed without
treatment until 1966.

At that time, the presence of fatigue, bleeding,
anemia and increasing serum IgM suggested pro-
gression of the gammopathy. Chlorambucil was
administered each day for five years, to a cumu-
lative dose of 7.3 grams. In 1971 a total of 168
mg of melphalan and 1.9 grams of prednisone
was given over three months. During the follow-
ing five years, the patient received 29 courses of
cyclophosphamide, vincristine and prednisone
(cumulative doses of 51 grams of cyclophospha-
mide, 217 mg of vincristine and 252 grams of
prednisone) ending in July, 1976.

Over the subsequent six months, progressive
pancytopenia was noted. Red cell production was
decreased with simultaneously increased seques-
tration of 5'Cr-labeled red blood cells in liver and
spleen. Falling platelet and erythrocyte counts
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were not improved by high dose steroids. A left-
shifted myeloid line with reduced maturation ap-
peared in the bone marrow. Both the immature
myeloid cells and previously observed plasmacy-
toid lymphocytes were increased relative to other
marrow elements. Small numbers of myeloblasts
appeared in the peripheral blood. Serum murami-
dase was 24 /tg per ml (normal value 5 to 10).
The serum IgM, previously stable at 1.6 grams
per dl, rose to 2.1 grams per dl. The patient's
course was interpreted to represent early AML
and increased activity of the macroglobulinemia.

In an attempt to diminish splenic sequestra-
tion of platelets and erythrocytes, splenectomy
was carried out in February of 1977. Splenic his-
tology showed an intense proliferation of myelo-
biasts. The leukocyte count was 5,000 per cu mm
with 9 percent polymorphonuclear leukocytes, 10
percent band forms, 4 percent metamyelocytes,
26 percent myeloblasts, 52 percent lymphocytes,
3 percent monocytes, 4 percent eosinophils and
2 percent basophils; the platelet count was 14,-
000. In the marrow there was pronounced pro-
gression of the myeloblastic proliferation with
poor myeloid maturation; a diagnosis of AML was
confirmed. A 10-day course of induction therapy
was carried out with daunorubicin, cytosine ara-
binoside and 6-thioguanine, as previously de-
scribed.' Marrow hypoplasia was observed 14
days after treatment was begun. In addition to
supportive therapy with multiple antibiotics, the
patienit received red blood cell, platelet and gran-
ulocyte transfusions. Three weeks after the last
chemotherapy a marrow examination and a pe-
ripheral blood count confirmed complete remis-
sion with Ml status.'4 The leukocyte count was
10,600 per cu mm with 51 percent polymorpho-
nuclear leukocytes, 13 percent band forms, 6 per-
cent metamyelocytes, 21 percent lymphocytes and
9 percent monocytes. The hematocrit was 34 per-
cent and the platelet count 370,000. The serum
IgM was stable at 1.4 grams per dl.

Monthly doses of cytosine arabinoside and 6-
thioguanine were subsequently given for main-
tenance therapy.1" Three months after attaining
remission, the peripheral leukocyte count was
9,000 per cu mm with 42 percent polymorphonu-
clear leukocytes, 10 percent band forms, 5 per-
cent metamyelocytes, 32 percent lymphocytes and
11 percent monocytes. The hematocrit was 30
percent and the platelet count was 300,000. The
patient's bone marrow was normocellular and
showed normal number and maturation of hema-

topoietic lines. However, the marrow now also
contained 60 percent plasmacytoid lymphocytes.
rhe serum IgM was elevated to 3.2 grams per dl.
Further therapy for the gammopathy was initi-
ated. Four and a half months after attaining remis-
sion the patient's AML relapsed. The patient de-
clined further chemotherapy.

Discussion

Acute myelogenous leukemia is recognized as
a delayed consequence of antineoplastic chemo-
therapy, particularly when alkylating agents are
used, as reviewed by several authors.' '3-'9 Reimer
and co-workers have recently shown that ovarian
cancer patients, if treated with alkylating agents,
have an increased relative risk of AML develop-
ing.20 An association of AML with Hodgkin dis-
ease treated by radiation with and without chemo-
therapy was reviewed by Rosner and Grunwald.-"
The development of AML in patients with multiple
myeloma is discussed in many publications.'-5 In
a series recently reported by Gonzales, Trujillo
and Alexanian the incidence of AML in melphalani-
treated patients with multiple myeloma was found
to be approximately 100 times higher than in
normal subjects. Alkylating agents have been
specifically implicated as leukemogens in multiple
myeloma because the increased incidence of acute
leukemia in this group was not noted before the
advent of alkylator therapy.4'22 In the present case
and in five of six previously reported cases of
AML complicating Waldenstrom macroglobuline-
mia, alkylator treatment preceded diagnosis of
leukemia.6-'0
The AML complicating multiple myeloma and

Waldenstrom macroglobulinemia has shown a
particularly poor prognosis. Of the 36 reported
multiple myeloma patients treated for AML, in only
one was complete leukemic remission achieved.12
Similarly, in the three patients with Waldenstr6m
macroglobulinemia previously given induction
therapy for AML, complete remission was not
reached.7"10"'1

Despite this prior negative experience, in our
patient a complete remission of the AML was ob-
tained in the presence of Waldenstrom macro-
globulinemia. Our successful treatment of AML
is in contrast to even the most recent experience
of Gonzales, Trujillo and Alexanian with six pa-
tients with multiple myeloma.5 In our patient,
activity of the Waldenstrom macroglobulinemia
remained stable during antileukemic treatment
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but began to progress three months following
leukemic remission.
The reason for our successful treatment in this

case is speculative. The two gammopathies may
differ in their effect upon a person's ability to
undergo antileukemic induction. The chemother-
apy and supportive care used during induction
was more intense than the treatment given in
many previously reported cases of gammopathy
with AML.

Mutagenesis by alkylating agents may account
for leukemogenesis with this group of patients.
An increased frequency of chromosomal aberra-
tions has been noted in acute leukemias which
follow alkylator treatment in myeloma patients.52s
Immunosuppression by alkylators may lead to
leukemia. In this setting malignant clones may
proliferate in a more permissive environment.

Alternatively, the increased survival of treated
patients may itself enable us to observe acute
leukemias developing in multiple myeloma and
Waldenstrom macroglobulinemia. Any intrinsic
predisposition to acute leukemia in these lym-
phoid disorders would more likely be expressed
during a longer lifetime. Indeed, AML has devel-
oped in at least three cases of multiple myelo-
ma24 and one case of Waldenstrom macroglob-
ulinemiaI' with no previous chemotherapy.

Coexistence in the bone marrow of two inde-
pendent hematopoietic neoplasms presents poten-
tial problems for therapy. A priori, elimination of
AML could provide a less competitive and more
favorable setting for proliferation of the gammop-
athy. The treatment of AML involves induction
of marrow aplasia with subsequent repopulation
by "nonleukemic" cell lines. In the presence of
Waldenstrom macroglobulinemia and prior chem-
otherapy, this preservation and replication of
stem cells must take place in an altered and po-
tentially less favorable marrow environment.
However, as shown in our case, adequate stem
cells are retained, and their proliferation permit-
ted marrow regeneration.

Achievement of remission from AML in our
patient with Waldenstr6m macroglobulinemia
should encourage future efforts to treat acute
leukemia complicating the gammopathies.

Summary
in a patient with Waldenstrom macroglobu-

linemia acute myelogenous leukemia developed
after treatment with alkylating drugs for ten years.

Chemotherapy led to complete remission of the
leukemia. Activity of the monoclonal gammop-
athy, as judged by serum IgM and- bone marrow
infiltrate, increased three months after leukemic
remission was attained. This is the first reported
successful induction of acute myelogenous leu-
kemia in a patient with Waldenstrom macroglob-
ulinemia. Although acute myelogenous leukemia
complicating the gammopathies is frequently re-
fractory to therapy, complete remission is possi-
ble.
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